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need to investigate stability region of tilt
mode in a wide range of S-E

◆Elongation E and s-
value determine the
stable region.

E : ratio of separatrix
length to separatrix
diameter

s : ratio of separatrix
radius to ion gyro-
radius
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What is the 3-D tomography?

■ 3-D emissivity profiles of
CTs are directly reconstructed
using a number of 2-D
projections.

■ Our reconstruction error
calculation suggests that the
most effective number of
projection is 16.

■ Its reconstruction algorithm
is based on the maximum
entropy principle.Optical
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Principle of 3-D tomography
Transformation of coordinate (1/2)
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I j : j th projection

† 

e :emissivity
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† 

I j (u, v) = dXe(x)
R 2Ú d(u -U j (x))d(v -V j (x))

= dw
l j

Ú ∂(x,y,z)
∂(u,v,w)

e(x, y,z)

† 

∂(x, y,z)
∂(u,v,w)

= (1+ w j /d j )2

† 

u j =
x j

1+ z j /d j

, x j = u j (1+ w j /d j )

v j =
y j

1+ z j /d j

, y j = v j (1+ w j /d j )

w j = z j , z j = w j .
projection I j, emissivity e

Transformation of coordinate (2/2)



† 

h (e) = - dw
DÚ e(x)ln(e(x)V )

† 

L(e,L) = h (e) - dudv L j (u,v)
j=1

J

Â ˜ I j (u,v)

Using Maximum Entropy Method (MEM)
(1/2)

† 

L : Lagrange multiplier† 

V : normalization constant

† 

Lagrange functional

† 

J : number of projections

  

† 

˜ I j (u,v) ≡ I j (u,v) - dw JÚ e(x j,y j ,z j )

Maximize
with

† 

˜ I j = const.
† 

Entoropy functional :  an index of smoothness of an image



† 

e(x) =
1
V

Hl

l=1

J

’ (U j (x),V j (x))

  

† 

I j (u,v) =
1
V

dw
l j

Ú J Hl

l=1

J

’ (U j,V j )

  

† 

I j (u,v) =
1
V

H(u,v) dw
-•

•

Ú J Hl

l≠ j

J

’ (Ul j ,Vl j )

† 

Hl (U j (x),V j (x))Calculating

† 

e(x)results in determination of

From dL= 0

Using Maximum Entropy Method (MEM)
(2/2)



† 

H j
i+1(u,v) =

I j (u,v)V

dw
l j

Ú 1+ w /d j
2 Hl

l=1

J

’ (Ul j ,Vl j )

for j = i (mod J) +1:
H j

i+1(u,v) = H j
i (u,v) for j ≠ i (mod J) +1:

H j
0(u,v) =

1, if I j (u,v) ≠ 0
0, if I j (u,v) = 0
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Hj are obtained by iteration of the calculation
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Calculation of a test model
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The minimum number of projection is
16 based on our model calculation.

Reconstruction error as a function of projection number 
for toroidal mode n=1 to n=3

16



TS-4 Merging/CT Device

■Utilizes fluxcores with PF and TF coils for
poloidal and toroidal flux injection.
■All type of CTs (qo~-0.7-5) can be

produced in a single device.
■R=0.4~0.6 m, R/ a~1.5, Bt0~0.05 T .



Measurement Systems in TS-4

■A 2-D array of magnetic probe for calculation of flux contour
■Another 8 magnetic probes to measure toroidal modes (n=1~4)
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3-D Tomography System
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Schematic drawing of the 3-D tomography system
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Data of the 16 projections
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Reconstruction of emissivity in ST

■Torus shape was observed
however partially broken.
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Summary
■The new 3-D tomography reconstruction was first
experimentally tested for a powerful monitor of CT
configuration using a 16-projection system of visible
light tomography.

■The n=1 tilt motion of FRC and the stable ST were
measured successfully using the 16-projections of plasma
light emissivity .
■Comparison with magnetic measurements suggests
that the reconstruction error caused by edge plasma light
are left unsolved.


